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INTRODUCTION 


An  ongoing  single  event  (SEE)  test  program  at  JPL  and  The  Aerospace  Corporation 
continues,  not  only  to  assess  specific  part  performance  for  interplanetary  and  satellite 
environments,  but  also  to  establish  trends  in  SEE  response  of  an  ever-increasing  body  of  device 
data 


In  1985,  Nichols  et  al.  [1]  published  the  first  nearly  comprehensive  listing  of  SEE  test  data 
for  186  parts.  This  presentation  was  updated  in  1987  with  the  publication  [2]  of  data  for  83 
additional  parts  and  again  in  1989  [3]  with  data  for  154  more  parts.  In  this  report,  the  authors 
extend  the  data  base  for  182  new  parts.  As  before,  the  data  are  collected  according  to  technology, 
function,  and  manufacturer  in  order  to  identify  trends,  generalizations,  and  data  gaps. 


TESTING  APPROACHES 

The  experimental  procedures  used  by  JPL  and  The  Aerospace  Corporation  are  evolutionary 
and  are  described  in  detail  in  previous  reports  [4,5].  In  general,  the  procedures  comply  with  the 
guidelines  for  SEE  testing  set  forth  by  the  ASTM  FI.  1 1  document  [6], 


ORGANIZATION  AND  SCOPE  OF  DATA 

This  report  summarizes  soft-error  and  latchup  experimental  test  data  from  JPL;  The 
Aerospace  Corporation;  the  Applied  Physics  Laboratory,  Johns  Hopkins  University  (JH);  Centre 
National  D'Etudes  Spatiales  (CNES,  France);  European  Space  Agency  (ESA);  and  other  SEE 
testers.  These  data  were  provided  directiy  to  JPL  or  were  otherwise  made  available  to  the 
scientific  coirununity  during  the  two-year  period  from  January,  1989,  through  December,  1990. 
The  authors  will  include  smaller  SEE  data  sets  generated  by  all  U.S.  and  foreign  researchers  when 
these  data  are  made  directly  available.  Not  included  are  proprietary  data  generated  by 
subcontractors  who  used  JPL  hardware.  Also  omitted  are  now  fairly  extensive  data  sets  on  power 
MOSFET  failures  obtained  by  JPL,  Rockwell  International,  Boeing,  and  others — such  data 
require  a  significantly  more  complicated  organization. 

The  SEE  data  presented  here  and  in  the  previous  three  reports  [1-3]  represent  a  substantial 
majority  of  all  test  data  obtained  on  SEE  throughout  the  world.  Some  of  the  remaining  data  may 
be  found  in  previous  issues  of  IEEE  Transactions  on  Nuclear  Science,  other  Journals,  or  in 
published  and  unpublished  presentations  of  SEE  symposia. 

The  data  from  all  organizations  are  summarized  and  collected  together,  even  though  there 
are  minor  differences  in  the  data  from  each  organization.  For  example,  JPL  defines  the  threshold 
linear  energy  transfer  (LET)  as  that  value  of  LET  where  soft  errors  are  first  counted  at  fluences  of 
10^  ions/cm^;  The  Aerospace  Corporation  currently  defines  their  LET  threshold  as  that  point 
where  the  measured  upset  cross  section  is  one  percent  of  the  measured  maximum  cross  section. 
These  two  values  may  be  quite  different.*  To  obtain  accurate  single  event  upset  (SEU)  rates  for  a 


*  The  use  of  an  LET  threshold  defined  as  a  stated  percentage  of  a  maximum  (.saturated)  ctoss  .section 
attempts  to  establish  a  practical  lower  bound  for  the  purpose  of  estimating  upset  rates.  The  discrepancy 
between  this  definition  and  JPL  s  definition  becomes  academic  when  a  complete  cross  section  is  used  in 
rate  calculations. 
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fH'escribed  radiation  environment,  one  requires  the  entire  plot  of  cross  section  versus  LET,  which 
may  be  available  from  the  parent  test  organization.**  More  recent  JPL  data  may  be  accessed 
directly  from  JPL's  computer  data  base,  RADATA. 

All  data  are  conveniently  divided  into  two  tables:  Table  1,  for  MOS  devices,  and  Table  2, 
for  a  shorter  list  of  recently  tested  bipolar  devices.  In  addition,  a  new  table  of  data  for  "Latchup 
Tests  Only"  (invariably  CMOS  processes)  are  given  in  Table  3.  Those  devices  having  both  soft- 
error  and  latchup  data  are  reported  in  Table  1.  All  data  listed  here  represent  a  substantial 
abbreviation  and  ignore  statistical  features  altogether.  SEE  tests  use  a  dynamic  nominal  bias; 
latchup  tests  are  usually  performed  at  the  maximum  value  of  the  nominal  bias  range — a  condition 
that  usually  (but  not  always)  enhances  tlie  possibility  of  latchup.  Unreported  transients  and 
higher  test  temperature  measurements  may  exist  for  some  parts.  Therefore,  a  system  designer 
interested  in  a  specific  part  is  urged  to  contact  the  appropriate  test  organization  for  further 
information. 

Users  are  cautioned  that  manufacturers  (listed  with  their  abbreviations  in  the  Appendix) 
may  often  change  their  process  (and  resultant  SEE  susceptibility)  without  changing  the  part 
number  or  notifying  tester  organizations.  Thus,  a  test  of  flight  parts  is  always  a  good  policy. 


TRENDS 

Some  trends  in  the  recent  data  are  offered  in  the  "Remarks"  column,  but  for  the  most  part 
the  table  speaks  for  itself.  Special  studies  (such  as  SEE  response  variation  with  temperature,  or 
latchup  susceptibility  versus  epi-layer  thickness)  are  beyond  the  scope  of  this  presentation. 


**  More  detailed  data  are  available  in  JPL  Publication  No.  88-17  by  D.  K.  Nichols  et  al..  "Heavy  Ion 
Induced  Single  Event  Phenomena  (SEP)  Data  for  Semiconductor  Devices  from  Engineering  Testing"  (July, 
1988).  This  report  includes  cross  sections  and  identification  of  ions  and  beam  angles. 


6 


CONCLUSIONS 


The  new  data  presented  here  can  be  combined  with  data  given  in  References  [1-3]  to 
develop  certain  generalizations  useful  for  protecting  flight  electronics  from  SEE.  Hard 
technologies  and  unacceptably  soft  technologies  can  be  flagged.  In  some  instances,  specific 
tested  parts  can  be  taken  as  candidates  for  key  functions — such  as  microprocessing  <x  memory. 
As  always  with  radiation  test  data,  specific  test  data  for  qualified  flight  parts  are  recommended 
for  critical  applications.  Calculations  of  accurate  SEE  rates  will  require  the  assistance  of  a 
computer  code,  a  weU-defined  environment  (in  terms  of  flux  versus  LET),  and  a  complete  device 
characterization  (cross  section  versus  LET,  at  the  ^propriate  temperature).  Evaluation  of 
catastrophic  effects  requires  its  own  statistics  in  which  flares  are  considered.  JPL's  recent 
concerns  with  power  transistor  burnout  and  single-event  gate  rupture  are  beyond  the  scope  of  this 
report  The  Aerospace  Corporation’s  exploration  of  SEE  transients  in  linear  devices  may  later 
open  up  a  whole  new  concern  for  a  device  category  formerly  considered  to  be  no  problem. 
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TABLE  1  SEU  DATA  (CONT'D) 
1989-1990  (MOS  AND  NMOS  DEVICES) 
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CY7C263  UVEPROM  CMOS  CYP  8Kx8  10  —  —  88-in  LU-15  wilh  2E-3  cm2  Sept '89. 

HM6617  PROM  CMOS/npi  HAR  2Kx8  —  3E-8  N/A  CI-252  Output  buHor  upsols. 

HS-1-6617RH  PROM  CMOS/epi  HAR  2Kx8  19  2E-5  N/A  88-in  Address  register  upsets  in  all 'O's*  mode. 

No  latchup  at  LET>i120.  Oct '90. 
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(1)  Aerospace  cross  sections  (or  AC  and  HC  parts  are  oblainecl  with  Xe  or  high-angleKr.  Aerospace  attempts  to  find  the  asymptotic  limit  at  high  LET.  FACT  -  Fairchild  Advanced 
CMOS  Technology.  The  NSC  FACT  process  uses  9  micron  epi.  Those  devices  with  dale  code  8920  or  later  are  impervious  to  latchup  at  LET- 120  MaVy(mg/cm2). 
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TABLE  3  LATCHUP  TEST  DATA  ONLY 

1989-1990 

TostOrg*  Devlca  Function  Technology  Mfr.t  Facility****  Results  (LET**  =  MeV/(mg/cm*)) 
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TABLE  3  LATCHUP  TEST  DATA  ONLY  (CONTINUED) 

1989-1990 

Test  Ofg‘  D«vki» _ Function  Technology  Mtr.t  FaclHty**  Results  (LET**  =  MeV/(mg/cm^)) 

ONES  SOR5053  Coder  CMOS  SOR  IPN  LU  -  9  ±  3.  Chapuis '90. 

A  MC10H115FN  Recvr  ECL  MOT  08-in  No  LU  >  100.  Feb. ’90. 


s. 

QO 

*o 


o 

« 

Q 

o 


at 

o 

TS 

O 

CO 

e* 

fs. 


o> 

P 

C 

.  o 
^  J2 
o>  c 

"5  to 
O  ^ 

CJ  A 


A  S 
3  2 
J  £ 

■S  => 

Z  —I 


UJ  . 

-c  .2 
oi  a 

JZ  -O 

■s  <* 

O  o 

-g  iJO 

U.  ..JC 
.  O  .-ss 

=>  Ui  a. 
— I  g 

0^0 
Z  CiO 


o 

O 

« 

<5 

Q 

%  5 

^  O 

<0  JO 
iU  <fi 
CM  O 
A  ;= 


C 

$ 

s 

.S2 

s 

o 

JZ 

•o 

9 

3 

o 

o 


o>  — 

CD  <n 
•  >* 
^  9 

P  9 


o 

s  > 

CO 


2 


:£ 


9  C 
«  “ 
Q  CJ 
.  9 

C\J  CC 

£  ^ 
o  o> 

<o  ^ 

UJ  § 

*A 

c 
,£ 
CD  ^ 

t- 

HI  A 


8 

Q. 

3 

9 

9 

9 

u 

o 

< 


o 

9  ^ 
“S  A 
9  - 
CL 


O) 

P 

C 

o 

M 

*c 

c 

£ 


.  o 

O  Oi 

9  “ 

a 


9 

c  Q  -P 
8  !« 


o  o 

Oi  O) 


9  9 


U.  lU  Li.  0> 


a® 

J35 


s  o. 
=>=> 


c 

c 

X 

CD 

O 

9 

CM 

E 

o 

o 

CM 

E 

o 

CM 

E 

o 

c 

O 

CO 

o 

a> 

d 

CD 

d 

P 

d 

P 

d 

P 

s 

o 

(D 

a> 

tA 

CD 

*c 

3 

a 

d 

Q. 

d 

Q 

cJ 

LU 

>« 

LU 

LU 

.E 

9 

9 

9 

9 

• 

9 

CM 

9 

CM 

m 

Li. 

CO 

U. 

CO 

o 

p 

Li. 

O 

s 

O 

o 

o 

d 

d 

d 

d 

d 

A 

A 

CD 

/*» 

CD 

ID 

o 

o 

o 

o 

9 

o 

jC 

x: 

1 

3 

1 

1 

V 

»“ 

2 

CO 

9 

CO 

9 

X 

Q 

H- 

A 

A 

A 

A 

A 

w 

LU 

5 

UJ 

LU 

LU 

3 

3 

3 

3 

3 

3 

-J 

-J 

•J 

•J 

_j 

Z> 

3 

o 

3 

3 

3 

o 

o 

O 

o 

o 

o 

•J 

•J 

z 

.J 

•J 

Z 

Z 

z 

Z 

z 

Z 

o>  o> 

CO  CO 


9  9 


o  o 

O  Q 
A  A 
^  -J 

o  o 
Z  Z 


9  .s 

Siiis 


-J  o  o  o  o 

LU  CO  <0  CO  CO 

H  z  Z  2  Z 


Z  Z  2 

o  o  “ 


o  <  o 

CO  O  CO 

Z  CC  z 


-j-jSP£CS-J 
Z  Z  ~  *  *  -  ■  — 


e  c  c  e 


^  ^  CO  CD  CD  00 
CXj  CU  CO  CD  00  00 


m  ®  OP 

CD  CD  00 


CD  Cb  CD  00 
00  CO  00  GO 


OOOOOOOW<X<XX<XX 

WWWWWWWU-O^o^^O^^ 


•5  1-  i_  w  S2 
g  o  o  O  § 
O  <  <  S'? 
2  u. 
o 


'a 


—  ^ 
<2-2. 
■■  O  g  • 
>  < 
X) 

< 


w 

O 

2 

o 

< 


0 

-K  .o  _o  .O  jj  .o 


Q  8*  g*  g*  g* 


s 

r*i»  ^ 

o  o 
<  < 


o 

CM 

CD 

CO 

o 

O 

s 

O 

< 

to 

lA 

S 

o 

< 


i§ 


o  o 

■S’? 


o 

< 

u. 


Q  S-  g- 

o  ^  z  ^ 
<  o  o 
2  <  < 


9 

O 


w 

w 

w 

w 

w 

w 

w 

w 

O 

o 

o 

o 

o 

o 

o 

O 

2 

2 

2 

2 

2 

2 

2 

2 

o 

o 

o 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 

X 

X 

X 

POOOO^PO^OO^^OUO 

8*  8*  8*  8*  8*  8*  8*  ?  9  8*  ?  8*  8*  8*  8*  8* 

_  I  i  _f  J _ 1  _ I  _i  I  _ 1  1  J  1  I  III 


o 

CO 

!$ 

s 

CD 

5 

5 

!? 

in 

CM 

Oi 

o> 

N. 

CO 

CM 

h* 

o 

o 

O 

•3 

CM 

O 

in 

o> 

CO 

in 

H- 

CM 

CM 

H" 

CM 

o 

o 

O 

o 

CO 

1^ 

O 

o 

<s 

o 

o 

O 

O 

O 

O 

Q. 

O 

O 

O 

o 

O 

O 

O 

O 

< 

< 

< 

< 

< 

< 

< 

< 

< 

X 

X 

X 

X 

X 

X 

X 

X 

in 

5- 

'cr 

*9 

9' 

*9 

U) 

in 

tn 

u> 

ll> 

in 

in 

in 

0. 

in 

in 

in 

in 

in 

III 
-J  -3  “S 


w 

w 

CO 

lU 

lU 

LU 

z 

o  < 

z 

o 

5i 

JH 

JH 

A 

A 

A 

A 

A 

JH 

A 

A 

A 

A 

A 

A 

J 

J 

A 

A 

A 

17 


54HC390J  Logic  HCMOS  TlX  88-in  No  LU  >  100.  Sept. ’89. 

54HC595J  Logic  HCMOS  TlX  88-in  No  LU  >  100.  Sept. '89. 

54HCT4059  Logic  HCMOS  RCA  BNL  No  LU  >  75.  Kinnison  Jan. '91. 


REFERENCES 


[1]  D.  K.  Nichols,  W.  E.  Price,  W.  A.  Kolasinski,  R.  Koga,  J.  C.  Pickel,  J.  T.  Blandford,  and 
A.  E.  Waskiewicz,  "Trends  in  Parts  Suscqjtibility  to  Single  Event  Upset  from  Heavy 
Ions,"  IEEE  Trans,  on  Nuc.  Sci.,  NS-32  6, 4189  (December  1985). 

[2]  D.  K.  Nichols,  L.  S.  Smith,  W.  E.  Price,  R.  Koga,  and  W.  A.  Kolasinski,  "Recent  Trends  in 
Parts  SEU  Susceptibility  from  Heavy  Ions,"  IEEE  Trans,  on  Nuc.  Sci.,  NS-34  6, 1332 
(December  1987). 

[3]  D.  K.  Nichols,  L.  S.  Smith,  G.  A.  Soli,  R.  Koga,  and  W.  A.  Kolasinski,  'Xatest  Trends  in 
Parts  SEP  Susceptibility  from  Heavy  Ions,"  IEEE  Trans,  on  Nuc.  Sci.,  NS-36  6, 2388 
(December  1989). 

[4]  R.  Koga,  W.  A.  Kolasinski,  J.  V.  Osborn,  J.  H.  Elder,  and  R.  Chitty,  "SEU  Test  Techniques 
for  256K  Static  RAMs  and  Comparisons  of  Upsets  Induced  by  Heavy  Ions  and  Protons," 
IEEE  Trans,  on  Nuc.  Sci.,  NS-35  6, 1638  (Deconber  1988). 

[5]  D.  K.  Nichols,  J.  R.  Coss,  L.  S.  Smith,  B.  Rax,  M.  Huebner,  and  K.  Watson,  "Full 
Temperature  Single  Event  Upset  Characterizatimi  of  Two  Microprocessor  Technologies," 
IEEE  Trans,  on  Nuc.  Sci.,  1619  (December  1988). 

[6]  ASTM  Designation:  F  1 192-90,  "Standard  Guide  for  the  Measurement  of  SEP  Induced  by 
Heavy  Ion  Irradiation  of  Semiconductor  Devices,"  ASTM,  1919  Race  St.,  Philadelphia,  PA. 
19103. 


19 


APPENDIX 


MANUFACTURER  ABBREVIATIONS 


ACT 

Actel 

ADI 

Analog  Devices,  Incorporated 

ALS 

Allied  Signal 

ALT 

Alpha  Industries,  Semiconductor  Division 

AMD 

Advanced  Microdevices  Corporation 

ATM 

Atmel 

CRY 

Crystal  Semiconductor,  Incorporated 

CYP 

Cj^ress  Corporation 

DDC 

DDC  ILC  Data  Device  Corporation 

FSC 

Fairchild  Semiconductor  Corporation 

FUJ 

Fujitsu  Xtd. 

HAR 

Harris  Corporation,  Harris  Semiconductor  Division 

HIT 

Hitachi  Ltd. 

HON 

Honeywell,  Incorporated 

IDT 

Integrated  Device  Technologies,  tocorporated 

INM 

INMOS  Corporation 

Dsrr 

Intel  Corporation 

LSI 

LSI  Logic  Corporation 

MED 

Marconi  Electronic  Devices 

MIC 

Micron  Technologies 

MTT 

Mitsubishi 

MOT 

Motorola  Semiconductor  Products,  Incorporated 

MPS 

Micro  Power  System 

MTA 

Matra  Harris  Semiconductor 

NEC 

Nippon  Electric  Corporation 

NSC 

National  Semiconductor  Corporation 

OWI 

Omni-Wave,  Incorporated 

PFS 

Performance  Semiconductor  Corporation 

RCA 

Radio  Corporation  of  America 

SEI 

Seiko 

SEQ 

SEEQ  Technology,  Incorporated 

SON 

Signetics  Corporation 

SNL 

Sandia  Natio^  Laboratories 

SNY 

Sony  Corporation 

SOR 

SOREP 

TEL 

Teledyne  Crystalonics 

THO 

Thomson  Military  &  Space,  France 

TK 

Texas  Instruments,  Incorporated 

TOS 

Toshiba 

TRW 

TRW,  Incorporated 

XIC 

Xicor,  Incorporated 

XIL 

Xilinx  Corporation 

ZOR 

Zoran 
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TECHNOLOGY  OPERATIONS 


The  Aerospace  Cofpmation  fiinctioiis  as  an  “aichitect-enguteer"  for  national  security 
programs,  q>ecializing  in  advanced  military  space  systems.  The  Corporation's  Technology 
Operations  supports  the  effective  and  timely  development  and  operation  of  nadmud  security 
systems  through  scientific  research  and  the  applkatum  of  advanced  tedmology.  Vital  to  die 
success  of  the  Corporadon  is  the  technical  st^f  s  wide-ranging  e:q)ettise  and  its  ability  to  stay 
alneast  of  new  tec^ological  developments  and  program  suiqport  issues  associated  with  rt^dly 
evolving  ^lace  systems.  Contributing  ct^abilides  are  inovid^  by  these  individual  Technology 
Centers: 

Electronics  Technology  Center:  Microelectronics,  solid-state  device  physics, 

VLSI  reliability,  compound  semiconductors,  radiadon  hardening,  data  storage 
technologies,  indaied  detector  devices  and  testing;  electro-optics,  quantum  electronics, 
solid-state  lasers,  optical  prcqiagadon  and  communications;  cw  ^  pulsed  chemical 
laser  develoiunent,  optical  resonatms,  beam  control,  atmospheric  prt^gation,  and 
laser  effects  and  countermeasures;  atomic  frequency  standards,  applied  laser 
spectrosc<H)y,  laser  chemistry,  laser  c^itoetectronics,  pha»  conjugation  a^  coherent 
imaging,  scto  cell  fdiysics,  battery  electrochemistry,  battery  testing  and  evaluation. 

Mechanics  and  Materials  Technology  Center:  Evaluation  and  characterization 
of  new  materials:  metals,  alloys,  ceramics,  polymers  and  their  composites,  and  new 
fCKins  of  carbon;  development  and  analysts  of  thin  films  and  deposititm  techniques; 
nondestructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosiaa;  development  and  evaluation  of  hardened  OHiqxMieots; 
analysis  and  evaluation  of  materials  at  cryogenic  and  elevated  temperatures;  launch 
vehicle  and  reentry  fluid  mechanics,  beat  transfer  and  flight  dynamics;  chemical  and 
electric  jnopulsion;  spacecraft  stnictural  mechanics,  spacecraft  survivability  and 
vulnerability  assessment;  contamination,  thermal  and  stnictural  control;  high 
temperature  tbermomechanics,  gas  kinetics  and  radiation;  lubrication  and  surface 
phramnena. 

Space  and  Environment  Technology  Center:  Magnetospheric,  auroral  and 
cosmic  ray  physics,  wave-particle  interactions,  magnetospheric  plasma  waves; 
atmospheric  and  ionospheric  physics,  density  and  composition  of  the  upper 
atmosphere,  remote  sensing  using  atmos{Aeric  radiation;  solar  physics,  infrmed 
astronmny,  infrared  signature  analysis;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth's  atmosphere,  ionosphere  and  magnetosphere;  eflects 
of  electromagnetic  and  particulate  radiations  on  space  systems;  qraoe  instrumentation; 
propellant  chemistry,  cbeiiucal  dynaixucs,  enviroiunental  cfaeiiustry,  trace  detection; 
atmospheric  cbenaical  reactions,  atmospheric  optics,  light  scattering,  state-^recific 
cheiiucal  reactions  and  radiative  signaturo  of  missile  plumes,  and  sensor  out-of-field- 
of-view  rejection. 


